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(57) ABSTRACT

A stator is provided. The stator includes a yoke part of an
annular shape, tooth winding portions that protrude inward
from the yoke part and around which an electric wire is
wound, and a tooth end portion formed on an inward side of
the tooth winding portion. The stator is formed by stacking
steel plates in a direction corresponding to a rotational axis of
a motor. The tooth winding portion is formed by stacking the
steel plates having different shapes such that at an end portion
in the stacking direction, thickness of the tooth winding por-
tions gradually decrease toward the end portion in the stack-
ing direction, and the yoke part and the tooth end portion
include protruding portions formed by stacking the steel
plates, such that the protruding portions protrude from the
tooth winding portion in the stacking direction.

3 Claims, 6 Drawing Sheets
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1
STATOR CORE WITH VARIED LAMINATION
SHAPES AND SIZES TO REDUCE WIRE
INSULATION STRESS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims benefit, under 35 U.S.C. §119(e),
to Japanese Application No. 2011-273260, filed Dec. 14,
2011, the entirety of which is incorporated herein by refer-
ence.

BACKGROUND

1. Technical Field

The present invention relates to a stator provided in an
electric motor.

Usually, a stator provided in an electric motor is formed by
stacking plural steel plates, and includes teeth for winding of
an electric wire. Since it is necessary to maintain a state that
the electric wire is insulated from the stator, a stator described
in Japanese Patent Application Laid-open No. 2010-279241,
for example, is coated with an insulating member made of
resin at a portion contacting with the electric wire such that
the electric wire does not directly contact with the stator.

However, attaching the insulating member to the stator
requires a process for manufacturing a resinous insulating
member of a shape corresponding to a shape of the tooth
portion of the stator, and coating the tooth portion with the
insulating member. Such work takes time. Furthermore, pro-
viding the insulating member narrows and limits a region for
winding of the electric wire. As a result, winding efficiency is
reduced. In addition, providing the insulating member
between the stator and the electric wire makes it difficult for
heat to transmit to the stator from the electric wire through
which a current flows to generate heat. As a result, heat
radiation performance is degraded.

SUMMARY

In order to solve the problems existing in the above-de-
scribed background, the present invention has been made. It is
an object of the present invention to provide a stator that
suppresses degradation in insulating performance and pres-
sure-resisting performance without providing an additional
insulating member, that can shorten a work time, and that can
improve not only winding efficiency but also heat radiation
performance.

A stator to attain the above-described object includes an
annular part of an annular shape, a plurality of tooth winding
portions that protrude in an inward direction from the annular
part and around which an electric wire is wound, and a tooth
end portion formed on an inward side of the tooth winding
portion, and the stator is formed by stacking a plurality of
steel plates in a stacking direction corresponding to a rota-
tional axis of an electric motor. The tooth winding portion is
formed by stacking a plurality of the steel plates having
shapes different from one another such that at an end portion
of steel plates in the stacking direction, thicknesses of the
tooth winding portions gradually decrease toward the end
portion in the stacking direction, and the annular part and the
tooth end portion each include a protruding portion formed by
stacking a plurality of the steel plates such that the protruding
portion protrudes from the tooth winding portion in the stack-
ing direction.

The objects, features, and characteristics of this invention
other than those set forth above will become apparent from
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2

the description given herein below with reference to preferred
embodiments illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view illustrating a stator according to an
embodiment.

FIG. 2 is an enlarged plan view illustrating one tooth por-
tion of the stator.

FIG. 3 is a sectional view along the A-A line in FIG. 1 with
an electric wire having been wound around the stator.

FIG. 4 is a sectional view along the B-B line in FIG. 1 with
the electric wire having been wound around the stator.

FIG. 5 is a plan view illustrating one steel plate that con-
stitutes the stator.

FIG. 6 is a plan view illustrating one steel plate that con-
stitutes the stator.

FIG. 7 is a plan view illustrating inside steel plates and one
outside steel plate.

FIG. 8 is a plan view illustrating inside steel plates and one
outside steel plate.

FIG. 91s asectional view illustrating a modified example of
a stator around which an electric wire has been wound.

DETAILED DESCRIPTION

Inthe following, embodiments of the present invention will
be described with reference to the drawings. In the descrip-
tion for the drawings, the same reference numeral is attached
to the same element, and the overlapping description will be
omitted.

A stator 1 according to the present embodiment is formed
by stacking a plurality of steel plates, and fixing the steel
plates to one another by means of an adhesive, caulking or the
like. As illustrated in FIGS. 1 and 2, the stator 1 includes an
annular yoke part 10 (annular part), and a plurality of tooth
parts 20 protruding from the yoke part 10 in the inward
direction. In the present specification, the expression “inward
direction” means a radial inward direction of the annular yoke
part 10, the expression “outward direction” means a radial
outward direction of the yoke part 10, the expression “cir-
cumferential direction” means a direction in which the yoke
part 10 annularly extends (direction in which a plurality of
tooth parts 20 are arranged), and the expression “stacking
direction” means a direction (corresponding to a rotational
axis of an electric motor) in which the steel plates are stacked.

The tooth part 20 is a part around which an electric wire 30
is wound. A plurality of the tooth parts 20 are arranged in the
circumferential direction. At each position between the tooth
parts 20, a slot 40 is formed, the slot being a gap for accom-
modating the electric wire 30 wound around the tooth part 20.

Each tooth part 20 includes a tooth winding portion 121
around which the electric wire 30 is actually wound, and a
tooth end portion 22 formed on the inward side of the tooth
winding portion 121. The tooth end portion 22 is formed so as
to extend, from the tooth winding portion 121, in the both
direction toward the neighboring other tooth parts 20. On the
inward side of the tooth end portion 22, there is formed an
arc-shaped gap surface 23 that faces a rotor (not illustrated)
when the electric motor is configured.

As illustrated in FIG. 3, the tooth winding portion 121 is
formed such that at the end portion in the stacking direction,
a thickness of the tooth winding portion 121 in the circum-
ferential direction gradually decreases toward the end. The
shape of the tooth winding portion 121 is formed by a plural-
ity of steel plates S,, and a plurality of steel plates S, t0 S,,,.
The steel plates S, have the same shape, and are stacked in a
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set range at the center location in the stacking direction. The
steel plates S, to S, are arranged (on the upper side in FIG. 3)
at the more end location in the stacking direction than the
location of the steel plates S, and thicknesses of the tooth
winding portion 121 in the steel plates S, to S, gradually
decrease in the circumferential direction. FIG. 5 illustrates
the steel plate S;, and FIG. 6 illustrates the steel plate S,,,. A
plurality of the steel plates S, to S,, in which the thicknesses
of the tooth winding portion 121 gradually decrease in the
circumferential direction are stacked such that the tooth
winding portion 121 has a curved-surface portion 23 at the
end portion in the stacking direction. FIG. 3 illustrates the end
portion only on the one side in the stacking direction, the
configuration of the other side has the plane-symmetrical
relation with that of the one side, and the description of the
other side is omitted for avoiding the overlapping.

As illustrated in FIG. 4, the tooth end portion 22, the tooth
winding portion 121 and the yoke part 10 form a concave
holding portion 24 that gradually widens toward an end in the
stacking direction on the section in the inward and outward
directions (radial direction). The concave shape of the hold-
ing portion 24 is preferably a smooth curved surface. The
shape of the holding portion 24 is formed by an inside pro-
truding portion 26 (protruding portion) and an outside pro-
truding portion 27 (protruding portion). The inside protruding
portion 26 is positioned on the side of the tooth end portion
22, and protrudes in the stacking direction from an bottom
portion 25 of the holding portion 24. The outside protruding
portion 27 is positioned on the side of the yoke part 10, and
protrudes in the stacking direction from the bottom portion 25
of'the holding portion 24. The inside protruding portion 26 is
formed by stacking inside steel plates T, , | to T, the thick-
ness of which in the inward and outward directions gradually
decrease toward, the end in the stacking direction. The out-
side protruding portion 27 is formed by stacking outside steel
plates U,,,, to U, the thickness of which in the inward and
outward directions gradually decrease toward the end in the
stacking direction. FIG. 7 illustrates the inside steel plates
T,,.; and the outside steel plate U, ,, being placed on the
steel plate S,, that forms the bottom portion 25 of the holding
portion 24. FIG. 8 illustrates the inside steel plates T, and the
outside steel plate U,,, being arranged at the most end posi-
tion.

The stator 1 according to the present embodiment is
formed by stacking a plurality of steel plates S, to S,, having
the shapes different from one another such that at the end
portion in the stacking direction, the thickness of the tooth
winding portion 121 gradually decreases toward the end in
the stacking direction. Accordingly, an angular portion is not
formed at the location where the electric wire 30 is wound, or
the angular portion has the less angular to inhibit the electric
wire 30 from being pushed into the angular portion. For this
reason, it is possible to suppress degradation in the insulating
performance and the pressure-resisting performance in the
electric wire 30 and the stator 1. As a result, the necessity of
coating the tooth part 20 with an additional insulating mem-
ber can be climinated, and the largest possible region for
accommodating the electric wire 30 can be secured to
improve the winding efficiency of the wound electric wire 30,
so that an electric motor can be downsized or outputs higher
power. Furthermore, the additional insulating member is not
necessary so that tight contact between the electric wire 30
and the stator 1 can improve the heat radiation performance.
In addition, it becomes unnecessary to coat the stator 1 with
the additional insulating member so that work efficiency can
be improved to promote faster production of the stator 1.
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Changing a shape of the stator 1 causes a change in a shape
of the insulating member, and the different member is
required depending on a type of the stator 1. On the contrary,
according to the present embodiment, the necessity of coating
the stator 1 with the additional insulating member is elimi-
nated, so that the necessity of preparing the insulating mem-
bers of a plurality of shapes is eliminated and it makes pos-
sible to reduce the number of the components and the cost.

Coating the stator 1 with the additional insulating member
causes a gap of the slot 40 to be narrowed due to a thickness
of the insulating member. Accordingly, a nozzle used for
winding the electric wire 30 around the tooth portion 20 is
made thin. For this reason, the electric wire 30 that is made to
pass through the nozzle is limited to a wire having a small
diameter, so that a selection range for a diameter of the elec-
tric wire becomes narrow. On the contrary, according to the
present embodiment, there is no necessity of coating the
stator 1 with the additional insulating member so that a nozzle
having a larger diameter can be used. As a result, the selection
range for a diameter of the electric wire becomes wider, and
for example, it becomes possible to wind the thick electric
wire 30 that enables a large current to flow.

The yoke part 10 and the tooth end portion 22 have the
inside protruding portion 26 and the outside protruding por-
tion 27 that are formed by stacking a plurality of steel plates
T,,.; to T, and a plurality of steel plates U, , to U, such that
the protruding portions and 27 protrude from the tooth wind-
ing portion 121 in the direction of stacking the steel plates.
Accordingly, without providing an additional member, the
structure itself of the stator 1 can hold the electric wire 30 well
such that the electric wire 30 is not displaced from the loca-
tion where the electric wire 30 has been wound.

Further, the inside protruding portion 26 and the outside
protruding portion 27 are formed such that the thickness of
the protruding portions 26 and 27 gradually decrease toward
the end in the direction of stacking the steel plates. Accord-
ingly, the inclined surfaces of the inside protruding portion 26
and the outside protruding portion 27 can hold the electric
wire 30 so that degradation in the insulating performance and
the pressure-resisting performance in the electric wire 30 and
the stator 1 can be suppressed.

The steel plates used for the inside protruding portion 26
and the outside protruding portion 27 include the inside steel
platesT,,,, to T, provided at the tooth end portion 22, and the
outside steel plates U,,,, to U, provided at the yoke 10.
Accordingly, the two protruding portions 26 and 27 that sand-
wiches the tooth winding portion 121 are easily formed by
stacking the steel plates.

The present invention is not limited to the above-described
embodiment, and can be modified in various manners within
the scope of the claims. For example, as in a stator 101 that is
a modified example illustrated in FIG. 9, the outside surface
of'the steel plates fixed to one another may be coated with an
insulating layer 102. Even when the outside surface is coated
with the insulating layer 102, since the angular portion is not
formed at the location where the electric wire 30 of the tooth
winding portions 121 is wound or the angular portion has the
less angular, a coating thickness of the insulating layer can be
minimized, high winding efficiency can be secured, a work
time can be shortened, and the cost can be reduced.

The entire disclosure of Japanese Patent Application No.
2011-273260 filed Dec. 14, 2011 including specification,
claims, drawings and summary are incorporated herein by
reference in its entirety.

What is claimed is:

1. A stator comprising:

an annular part of an annular shape;
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a tooth winding portion that protrudes in an inward direc-
tion from the annular part, and around which an electric
wire is wound; and

a tooth end portion formed on an inward side of the tooth
winding portion,

the stator being formed by a first plurality of steel plates in
a stacking direction corresponding to a rotational axis of
an electric motor,

wherein the tooth winding portion is formed by the first
plurality of steel plates and a second plurality of steel
plates having shapes different from one another such
that at an end portion of steel plates in the stacking
direction, thicknesses of the tooth winding portions
gradually decrease toward the end portion in the stack-
ing direction, and

the annular part and the tooth end portion each include a
protruding portion formed by the first and second plu-
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rality of the steel plates such that the protruding portion
protrudes from the tooth winding portion in the stacking
direction;

wherein the protruding portion is formed by the first plu-

rality of steel plates and the second plurality of the steel
plates having shapes different from one another such
that thickness of the protruding portion gradually
decreases toward the end portion in the stacking direc-
tion.

2. The stator according to claim 1, wherein the steel plates
used for the protruding portion includes an outside steel plate
provided at the annular part, and an inside steel plate provided
at the tooth end portion.

3. The stator of claim 1, wherein each of the first plurality
of'steel plates have an identical shape, and the second plural-
ity of steel plates comprises a plurality of sets of pairs of top
and bottom plates, each pair having an identical shape and
each set of pairs having a different shape.
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